Abstract: For 25 years, Lean Product Development (LPD) has been discussed as a management concept that balances the antagonism of developing innovative products of high quality, while simultaneously coping with cost and time-to-market reduction. LPD tries to achieve this balance by using both a set of principles that have been proven to be successful and by emphasising human activity in the development process. To that end, this paper analyses the impact of different human resource practices -first, on the skills and the motivations of a company's developmental employees; and, second, on the LPD performance. 176 employees of development departments from 96 companies completed the questionnaire. The partial least squares analysis demonstrates that training, internal development and performance appraisal contribute significantly to performance in LPD processes. Interestingly, performance compensation does not show any impact. The construct of LPD performance itself is strongly influenced by the application of continuous improvement and the specification of customer value.
Introduction
With customers becoming increasingly demanding, and competitors answering those demands, product development (PD) is playing an ever more crucial role in defending a company's competitive position. In PD, new products are developed from the initial concept to the handover to the manufacturer. This includes all serial development activities such as continuous product innovation, re-styling and facelifts, but excludes basic research and advanced development (front end). Even though PD does not describe the process of 'tinkering around' (i.e. looking for disruptive or radical innovations), visioning or research, it requires the engineers working in PD to think and act creatively (i.e. anticipating a new facelift or styling). In short, customers expect PD engineers to create, design and deliver the required product of the right quality, on time and at the best price.
In order to fulfil these expectations, the process of PD needs to be even more organised, parallelised and interactive than before (Karlsson and Åhlström, 1996) . A management concept that realised these changes in manufacturing processes had its origins in Japan in 1940 with the Toyota Production System (TPS) (Monden, 1983) and the development of the so-called lean management. Although the focus at that time was primarily on manufacturing and assembly processes, crisis and increasing competition led to the application of lean methods in PD, without compromising creativity in product innovation. Instead, continuous elimination of wasteful activities throughout the whole value stream should have provided people involved in the development of products with the room and time necessary to accomplish the more creative aspects of their daily work (Morgan and Liker, 2006) . This concept was summarised under the common heading of Lean Product Development (LPD).
Even though LPD has existed for more than 20 years, it is known as a management concept that has a proven track record (i.e. in concentrating forces towards achieving one common goal); however, many case studies (e.g. Karlsson and Åhlström, 1996; Oppenheim, 2004; Ward, 2007) have shown its limitations (i.e. in implementing a coherent concept throughout the PD organisation). In contrast to manufacturing, a particular challenge in PD is that largely intangible assets, such as information, knowledge and ideas, flow from one step to another. These are assets which reside in people's heads, and are therefore difficult to define, measure and change. Consequently, people working in development (i.e. mostly engineers) are of outstanding importance for LPD.
Neither the founders of lean management (Womack et al., 1990) nor other LPD authors have described how HRM practices are assimilated into a PD system, nor have they empirically examined the connection between these practices and performance. Hines et al. (2006) emphasise the need to expand the techno-structural focus of current literature on LPD, whereby employees are regarded merely as passive and supplementary to technology and workflow. They believe that the people involved should also be taken into account in order to create good human relations in technical and design activities. Jensen and Harmsen (2001) conclude that current literature has failed to provide answers to questions as to how the people involved act, and how organisational aspects such as routines, procedures and culture influence their actions and knowledge. Almost 20 years ago, Karlsson and Åhlström (1996) already called attention to the competence of engineers as a supporting factor for implementing LPD.
The approach described in this paper adopts these ideas and takes them one step further by asking not only how the skills and motivation of employees can be influenced by Human Resource Management (HRM) practices, but also how this affects LPD process performance.
Our findings contribute to research on product development, lean principles and even HRM in a number of ways. Firstly, the more common company-level research in the afore-mentioned field is broken down into process-level research by focussing on PD processes. Secondly, this paper empirically develops a measure for LPD process performance with a second-order construct that evaluates the complex causal relationship between HRM practices, motivation and skills, and LPD process performance. To the best of our knowledge, it is the first time that LPD has been quantitatively operationalised and defined. Third, it investigates the impact of various HRM practices on this measure, both directly and mediated through the motivation and skills of development engineers. We find that the performance of PD processes focussing on lean principles can be actively improved by engaging in the training and internal development of engineers, and consultative appraisals of their performance. Interestingly, PD processes do not significantly benefit from monetary incentives given to engineers based on their personal performance.
Theoretical framework
This paper focuses on human resources, namely skilled individuals within the organisation of PD initiatives and processes (i.e. developmental employees). Such individuals focus on PD initiatives and often hold advanced degrees in their respective fields. Many of them have acquired their skills through learning by experience or observation (i.e. tacitness), are interrelated with other PD engineers (i.e. complexity) and are dedicated to a specific field (i.e. specificity). Tacitness, complexity and specificity are the three characteristics that Reed and DeFillippi (1990) describe as leading to competitive barriers. Thus, developmental employees are knowledge-based resources whose work lead to a product development process.
Human resource management
As human resources can provide one of the most crucial sources of competitive advantage for companies (Barney and Wright, 1998) , the importance of HRM is well accepted and a concept worthy of examination. Studying HRM literature, HRM policies and practices are targeted at the individual level (e.g. individual performance-related payment) set by top management in order to reach a common organisational goal, giving HRM practices a strategic element (Collings and Wood, 2009 ). Thus, in recent years it has become popular to study the influence of HRM practices on company and organisational performance (for reviews, see Huselid, 1995; Boselie et al., 2005; Fey et al., 2009) . As the literature can be generally categorised as optimistic concerning the potential for HRM practices to enhance the performance of employees and organisations, theoretical and empirical research has been stimulated further. Conceptually, such practices can be classified in terms of their impact on employees' skills and motivation, and the way that work is structured (Delaney and Huselid, 1996) . Fey et al. (2009) and Boselie et al. (2005) serve as the basis for a first selection of HRM practices that match the environment of PD which is characterised by tacitness, complexity and specificity as stated above. It is not necessary to distinguish between different types of existing HRM practices, since no standard set throughout the literature exists (Boselie et al., 2005) . They should not be chosen on the basis of the frequency of occurrence in literature, but rather on their suitability and appropriateness in the desired context. For the PD environment, the three HR practices -training and internal development, performance appraisal and performance-based compensation -are significant from a theoretical perspective. In accordance with Fey et al. (2009) , recruitment was excluded from further analysis, since it does not directly determine the efforts of a company to make its employees a source of competitive advantage in developing products in a lean manner.
Lean product development
As no common definition of LPD exists in the literature, Schulze et al. (2010) studied a set of over 340 articles on PD and LPD. They concluded that most researchers base their works on the five basic lean principles derived by Jones (1996, 2003) and applied them to PD (cf. Schulze et al., 2011) . These are: specify value, identify the value stream, make the value flow, let the customer pull the process, and pursue perfection.
First, specify value means to precisely define the product's benefits from the perspective of the end-user, in terms of a specific product with specific functionalities offered at a specific price and time. In addition, it focuses on precisely identifying the product and production concept's benefits from the perspective of the internal customer (i.e. production) in terms of a specific production line with its specific capabilities offered at a specific time. Specifying customer value comprises not only the product, but also process attributes (Browning, 2003) . Customer value is specified accurately if PD costs can be reduced and schedules achieved (Oppenheim, 2004) , and if the product is provided at the right time or if time to market is reduced (Jenner, 1998; Browning et al., 2002; Haque and James-Moore, 2004) . Browning (2000 Browning ( , 2003 points out that, in contrast to manufacturing, it is an activity (i.e. product, service, deliverable or information) and not material in PD that is specified as giving value to the customer. In contrast to product value, process value is seen as the capability of being flexible, innovative and responsive to the needs of customers and in designing sophisticated products (Cooper, 2006; Cooper, 2008) . Most authors distinguish between end customer and other stakeholders by proposing to identify values for all involved parties (e.g. Rouse and Boff, 2001; Germeraad, 2003; Fazzari and Mosca, 2009) .
These ideas of process value and internal customer view are of central importance for the later development of the dependent variable in this paper. Other stakeholders include employees, the enterprise, suppliers or shareholders. For instance, employees receive value from compensation, interesting work and career advancement. The enterprise receives value by developing and sustaining competitive capabilities, and by learning and adapting to become more capable (Browning, 2000) . In general, internal customers receive the output of tasks or activities (Oppenheim et al., 2011) , which are the results of the decomposition of a value hierarchy. The highest level of this hierarchy is defined by the end customer, and then broken down and aligned at each level into a set of specific actions (Morgan and Liker, 2006) . Second, identify the value stream means to streamline the PD process and separate value from waste in order to eliminate waste from the entire PD value stream (Haque and James-Moore, 2004; Cooper, 2006) . Non-value adding activities are waste (type 2 muda) and have to be eliminated, whereas necessary non-value adding activities (type 1 muda) have to be reduced. In LPD literature, waste is summarised in the seven or eight wastes, such as rework, a high number of handoffs, waiting, iterations, unnecessary tasks, etc. We assume that at the same time as customer value is maximised, type 2 muda is eliminated and type 1 muda is minimised.
Third, make the value flow aims for a state where a product concept, accompanied by its production concept (i.e. information), proceeds from initiation to production launch, or from order to delivery, with no stoppages, scrapping or unintended backflows. In manufacturing, material primarily flows through the process, whereas in LPD it is information (e.g. in the form of design specifications or other data that flow from one business unit to another with regard to the external customer). A state of flowing value should either strive for a levelled information flow characterised by even workloads, minimal arrival variation and simultaneous process tasks (Oppenheim, 2004; Reinertsen, 2005; Pessoa et al., 2007) , or simply by reducing the time to market (Loch and Terwiesch, 1999; McManus and Millard, 2002; Baines et al., 2006) . Fourth, let the customer pull the process postulates that PD designs and provides what the external customer wants only when he wants it. Transferring this principle to the internal processes of a company means that the upstream activity (internal supplier) designs and provides to the downstream activity (internal customer) only the information that he needs, and only when he needs it. The pull approach generally means that an upstream supplier does not create anything unless the downstream customer demands it (Womack and Jones, 1996; Oppenheim, 2004; Middleton et al., 2007) . This gives downstream customers a certain degree of control (Oliver et al., 2007) . Therefore, the downstream customer has to articulate their needs early and precisely so that the output they are ordering can be completed (Oppenheim et al., 2011) .
Fifth and ultimately, pursue perfection means that everybody involved in PD contributes to continuously improve PD by always keeping the other four previously mentioned principles in mind (Anand and Kodali, 2008) . Continuous improvement in PD can be understood as both product and process improvement (Fogelström et al., 2010) . Organisations apply the principle of pursuing perfection in two directions: the first consists of those who constantly challenge the status quo of processes on the basis of metrics, accountability, profit/loss reports, and post-launch reviews in order to learn from mistakes (Ballé and Ballé, 2005; Cooper, 2006) . The others see continuous improvement on the basis of a self-motivated learning environment where everybody involved in the PD process wants to create knowledge and learn, representing a form of problem-solving culture (Czabke et al., 2008) .
Several authors describe how lean systems require different methods of managing people (Oppenheim, 2004; Hines et al., 2006) . Oppenheim et al. (2011) even expand Womack and Jones' (1996) five principle framework with a sixth principle: respecting people. A lean enterprise is an organisation that recognises its people as its most important resource for adopting high performance work practices. However, neither their founders (Womack et al., 1990) nor others have described how HRM practices are assimilated into this type of system, nor empirically examined the connection between these practices and performance. Furthermore, the lean approach omits the expansion of the workforce's skill and knowledge which is necessary for the important problemsolving methods it promotes (MacDuffie, 1995) . Schulze et al. (2010) draw attention to the lack in existing literature of a link between efficiency and performance. This study attempts to fill this gap by developing a measure of LPD that comprises basic performance measures such as the Iron Triangle of time, cost and quality (Atkinson, 1999) , combined with the five principles defined above.
Performance of lean product development processes
The Iron Triangle characterises performance in PD (Atkinson, 1999) , which is also used in the area of project management, and therefore fits with the features of PD. The triangle combines three measures of performance: time, cost and quality.
The issue of information flows between the different subunits of a development department has to be combined with the five stages of Ulrich and Eppinger (1995) -concept development, system level, detail design, testing and refinement and production ramp-up -to be able to fully characterise the procedures within a PD process. For Chase (2000) , each phase of PD uses internal and external inputs to transform them into a set of information products. Internal inputs are the outputs of previous steps, while external inputs are knowledge and resources, i.e. constraints, common practices, standards and money. According to Negele et al. (1999) , LPD differs significantly from sequential development processes. They are more like process networks or webs than a chain, and include manifold interrelations, feedback loops and interactions on different hierarchy levels.
The basic idea is that a PD activity creates relevant knowledge, thereby contributing to the information bundle necessary to define the final product design, as well as its design and manufacturing procedure. Browning (2003) describes the value provided by the output of a process activity as a function of the quality of the inputs, i.e. deliverables and information that were used to create it. He therefore maintains that value is driven by the activities as well as by the deliverables, e.g. inputs and outputs. Finally, the information output produced by one process step is passed to one or more subsequent steps in a form that is utilisable to them all. This quality aspect of the triangle is better described as the form, fit and function of the delivered information packages representing value within PD (McManus and Millard, 2002) . Information that is of good form, fit and function has to be reliable, complete, fulfil the defined specifications, and contain the exact level of detail needed to complete the tasks of the respective process step (Walton, 1999; Haque and James-Moore, 2004; Graebsch et al., 2007) .
Timeliness in the PD process is met ideally when the internal or external customer receives information at the exact moment when it is needed (Walton, 1999; Graebsch et al., 2007) . Time is measured through cycle time which describes the time period between the sending and receiving of information from one PD unit to the other.
Cost in the PD process is the amount of resources consumed in order to create the planned outputs. The focus should be on integrating and regularly reviewing cost models while developing products and taking key cost drivers into account (Haque and JamesMoore, 2004) .
Mixing the triangle with the five lean principles, the flow principle, where information flows smoothly from one process step to the next without waiting and rework, is explained through form, fit, function and timeliness. The missing facets for full LPD process performance, which set it apart from existing PD approaches (i.e. concurrent engineering, integrated product development), are the specification of customer value, the use of pull to organise the development sequences and continuous improvements to the process.
Model and hypotheses development
The literature review on HRM has shown that the relationship between HRM techniques and the motivations and skills of engineers working in PD has neither been theoretically formulated nor empirically tested in a concrete and utilisable manner. Neither has this been carried out with regard to the influence of skilled and motivated engineers on the performance of LPD processes. In accordance with Porter (1985) , each company is an aggregation of the functions through which its products are designed, manufactured, distributed and supported.
Assuming that an organisation consists of the different functions along the value chain, and that an organisation is responsible for the achievement of its overall performance, it can be stated that overall company performance is reached by the different functions of an organisation, including PD. Figure 1 summarises the theoretical development of the assumed connections between HRM practices, mediating variables and the dependent construct LPD process performance, and presents the proposed relationships.
Mediating the link between HRM and LPD process performance
There is growing agreement in current literature that a direct relationship between HRM practices and firm performance is too simplistic. Mediating variables are needed to enhance the understanding of how HRM affects the performance of companies (Fey et al., 2000) . The stage between HRM involvement and various performance indicators is commonly called the black box which explains how the effect of HRM on performance occurs. To date, scholars know little about what happens at this point (Wright et al., 2003) . While a number of studies have acknowledged the existence of a black box, very few have taken a look inside (Boselie et al., 2005; Fey et al., 2009 ). Park et al. (2003) and Fey et al. (2009) propose that HRM practices affect employees' motivation and ability, which are in turn supposed to affect company performance. Thus, similar mediating variables to LPD processes are proposed as a two-stage model with skills and motivation as mediating variables and can be considered state of the art in HRM research (Fey et al., 2009 ). Fey et al. (2009) use human capital theory to gather arguments on the importance of employee ability for greater company performance and to show an interaction effect between the workforce's motivation and skills. This is supported by researchers in the field of organisational psychology, where interdependencies between the two mediating elements are described (Vroom, 1995) . According to MacDuffie (1995) , it is improbable that a skilled and educated employee who is not motivated will put in any extra effort and will therefore not contribute to company performance. The efficacy of highly qualified people may be underachieved due to a lack of motivation (Huselid, 1995) . On the other hand, MacDuffie (1995) argues that without the necessary skills, a motivated employee will indeed contribute voluntary effort, but without the desired influence on the firm's targets. Furthermore, Fey et al. (2009) were able to prove that when a company has skilled and motivated employees, it can experience a positive performance effect. Thus, we propose:
Hypothesis 1: Engineers' skills are positively related to LPD process performance.
Hypothesis 2: Engineers' motivation is positively related to LPD process performance.
Hypothesising about HRM
As an HRM technique, training is usually defined as a systematic attempt to alter or amplify knowledge, skills and attitudes through learning experiences, and to accomplish effective performance in an activity or a range of activities (Harrison, 1993; Reid and Barrington, 1994; Garavan et al., 1995) . It is among the most studied HRM practices in literature to date, and was found to be a significant influence on company performance in a remarkable number of studies (Delaney and Huselid, 1996; Koch and McGrath, 1998; Ahmad and Schroeder, 2003) . Providing formal and informal training such as basic skills training or mentoring can further influence the abilities newly hired employees bring with them (Huselid, 1995) and positively induce the degree to which a company actually succeeds in developing the abilities of its current employees (Guest, 1997) . Additionally, employee motivation may be influenced by firms that implement training programs allowing them to communicate proper behaviours, and to socialise employees into the cultures and norms of the organisation (Wright et al., 1999; Park et al., 2003) .
Training is one possible way to develop employees internally. In contrast to companies hiring people externally, firms developing staff internally understand people to be valuable assets that have a long-term developmental potential rather than fixed cost and the generation of an annual expense (Sonnenfeld et al., 1988) . These firms only hire externally at entry level, often want their employees to stay until they retire, and support this desire by developing their company-specific skills and creating engrained loyalty (Hiltrop, 1996) . Businesses that provide internal career planning programs want to identify certain job steps that support their employees in acquiring the capabilities and knowledge relevant for the organisation (Doyle, 1997) . Guest (1997) revealed that if companies promote from inside according to merit rather than seniority, they may enhance the motivation of their workforce. One of the most important aspects of internal development is that it provides a sense of justice and fairness among the workers because they notice that their company appreciates organisational tenure (Pfeffer et al., 1995) .
Appraisal or feedback systems are methods of assessing potentials, behaviours or performances of individuals or teams, as well as keeping up their positive results and minimising or eliminating their deficits or faults. By using performance appraisal systems, engineers can receive feedback on how they have performed in certain areas. Generally, targets for self-development and training are established in cooperation with the responsible supervisor (Fey et al., 2009 ). Huselid (1995) refers to individual and team performance appraisals as a possibility for motivating employees. Bandura (1977) discovered that a sense of competence, accomplishment and control in employees is created through feedback provided by performance appraisal systems. Assessing performance criteria objectively and fairly demonstrates that employees who accomplish their tasks can be successful in the company (Park et al., 2003) . This, in turn, can positively influence their motivation. Ghorpade et al. (1995) describe performance appraisal as a serious activity with consequences for both the company and the individual. In their point of view, for a company that strives for quality in a long-term perspective, the development of individual performance should be the primary concern of appraisal practices.
Performance-based compensation (i.e. premiums or bonuses) is a variable form of payment which is based on the work performed and normally remunerated, in addition to a fixed salary. The share of the variable performance-orientated compensation in the total earnings can vary from a few per cent to around 100%. Before the practice of compensating people based on their performance, salaries were seen more as a fixed cost factor than an investment (Hiltrop, 1996) . This merit-based pay method aims to motivate employees to behave in a way that supports the interests of the firm (Park et al., 2003) . In general, compensation has been proposed to be highly significant for the motivation of employees (Guest, 1997; Fey et al., 2009) , and performance-based pay in particular has been shown to be highly significant for company performance (Khatri, 2000) . If a firm provides compensations and benefits desired by its staff, the staff would most possibly work in a way that will enable this reward (Vroom, 1995) . Compensating employees based on their performance will encourage people to acquire the abilities needed to enhance their work performance (Park et al., 2003) . Summarising these three HRM practices, we propose that: 
Methodology

Data collection and sample
A structured web-based questionnaire was used for data collection. Convenience sampling methodology, a non-probability sampling technique where subjects are selected because of their convenient accessibility or study request, was employed within the predefined criteria of addressing engineering-relevant functions. This sampling method has been successfully employed in recent quantitative empirical studies (e.g. Kaushal and Kumar, 2016; Khan et al., 2011; Huang et al., 2017) . The links to the questionnaire were sent out by e-mail to representatives of R&D departments and the closely related areas of production, marketing and sales, who were asked to distribute them to their engineering colleagues. The data acquisition resulted in 203 fully completed questionnaires by engineers from 114 companies in Switzerland, Germany and Liechtenstein, in various sectors such as mechanical engineering, automotive, pharmaceuticals and consumer goods. 27 questionnaires had to be completely deleted due to missing values. This resulted in 176 fully valid questionnaires from 96 companies. We aggregated the data gathered from each company's engineers to build the mean values for each firm. Thus, an equally weighted database was guaranteed.
Measures
A literature analysis on the importance of people in PD in general and the possible impact of HRM practices on the performance of an LPD process in particular resulted in a preliminary empirical research model and the required variables. Measures for HRM practices could be taken from the existing and well-covered literature on HRM systems and practices. However, based on the nascent state of research on LPD, and especially on the lack of quantitative studies, novel measures for LPD process performance needed to be developed.
First, to cover the practitioners' perspective on the topic, we conducted explorative interviews with R&D managers at three exemplary manufacturing companies in Switzerland and Germany. The key findings of the interviews reflected the literature findings and gave a good estimation of LPD practices and performance aspects for further empirical analysis. Second, based on the existing literature on lean principles and PD, a first set of measures was developed. Third, when creating our own Likert scales in quantitative research, a pretest was inevitable (Hunt et al., 1982; Chai et al., 2012) in order to reduce the number of items and to find out if the scales satisfy practical requirements. Before the pretest was carried out, the items were discussed with a number of researchers in the field of lean development and technology and innovation management, so as to benefit from their perspectives and expertise. The pretest was distributed to 73 engineers, of which a sample size of n = 22 could be retrieved. This number is found to be sufficient for a pretest (Porst, 2000) . Ultimately, from the 69 items tested, 30 were selected to operationalise the desired dependent construct covering lean principles and process performance measures.
For all items except the control variables, subjective measures were given by the respondents on a seven-point Likert scale ranging from 1 = 'strongly disagree' to 6 = 'strongly agree'. An 'I don't know' option (coded 0) was given for each item. A detailed item description for all variables can be viewed in Table 1 .
The independent variable HRM has been developed as follows. For training and internal development, six items were adopted from Delery and Doty (1996) covering: the intensity of training programs for individuals; formal training programs for new hires; transfers of engineers to other business units; training to boost promotions within the organisation; the availability of clear career paths; and multiple job positions for individuals. The four-item scale performance appraisal describes the degree to which the performance of engineers is discussed with supervisors and the extent to which the appraisals are based on objective and quantifiable results. Priority is given to individual performance, but group performances are not explicitly excluded, as adopted from Khatri (2000) and Delery and Doty (1996) . Performance-based compensation consists of three items adopted from Snell and Dean (1992) and Khatri (2000) : dealing with the range in payment within one job grade; the significance of performance for earnings; and promotions of individual engineers.
The first mediating variable -the skill level of engineers in PD -was measured by a scale from Park et al. (2003) and Wright et al. (1999) . It consists of five items asking the respondents how they judge their job-related skills, educational level, overall ability and competence level compared to competing firms. The second mediating variable, the engineers' motivation, investigates on a four-item scale how much effort the respondents put into their work and their commitment to their job in order to measure their motivation, as adopted from Godard (2001) .
The dependent variable LPD process performance consists of a composition of the five lean principles and the Iron Triangle measures of performance derived from the literature. Three of the lean constructs -customer value, pull and continuous improvement -are based mainly on the work of Haque and James-Moore (2004), Graebsch et al. (2007) , Walton (1999) , McManus and Millard (2002) , Middleton et al. (2007) and Womack and Jones (1996) . The principle of waste elimination is indirectly covered by customer value: if each step of the PD process serves the customer, waste will be prevented. The principle of a flowing process is represented by the constructs form, fit, function and timeliness: if a product is delivered of a good quality at the right time to the right place, a process flow is guaranteed. Cost serves as an additional construct.
The customer value construct addresses the understanding and importance of managing and understanding the customers' perceptions of value. It is evaluated by proposing three items aiming at a supervisor's profound knowledge about the market, a close relationship with the customers, as well as the involvement of customers in the development of product specifications. For the construct continuous improvement, the five items indicate a commitment by the management and operating units to continuously improve processes; the use of experiences gained from completed projects; the availability of standard tools for problem-solving; the visualisation of performance; and short feedback loops during a process. The pull approach is assessed using three items: engineers only start activities when they receive a concrete request from their downstream development functions; they design specifications only when they ask for them; and project teams only consist of members that are specifically needed for the given tasks. The construct of form, fit, function was measured using five items. The respondents were asked to judge the information they receive from other units regarding its reliability; fit for their needs; fulfilment of defined specifications; and level of detail regarding information and content needed to complete their tasks. The five-item measure timeliness assesses if the right information is delivered to that point in time when it is needed by a particular unit. Three items are used for the construct cost to evaluate the cost focus of the development activities covering regular reviews of cost models: the consideration of key cost drivers; the handling of available resources in an economical manner; and the information of top management with regard to costs.
Additional control variables have been collected in order to exclude influencing factors from the model other than the desired independent and mediating constructs. Two groups of control variables were used. The first group characterises the individual engineers (seniority, organisational unit, size of organisational unit, organisational level and creative or routine field of activity), the second considers the company perspective (age of the firm, size of the firm, industry sector). Both the individual and company perspective were tested, but did not influence the results.
Analytical procedures
A variance-based approach (PLS -Partial Least Squares) best fitted our theoretical model (Weiber, 2010) . PLS has been successfully applied to research in the area of new product development (e.g. McNally et al., 2011; Akgün et al., 2012; Langley et al., 2012) . In contrast to covariance-based practices such as LISREL, variance-based analyses follow a regression analytical approach with a two-step estimation: the measurement and the structural model. There is no assumption of an underlying theoretical distribution function. They work with both reflective and formative indicators, and smaller sample sizes are sufficient if they can be described as representative.
To do justice to the coherent nature of the system of interconnected lean principles (Haque and James-Moore, 2004; Womack and Jones, 1996) of LPD processes, a secondorder construct was used. Jarvis et al. (2003) describe a Type II second-order construct with reflective first-order (each lean process element measured on its own) and formative second-order measurements (all elements jointly form lean new product process performance) that best suits the systemic theoretical foundation of the lean principles and the measurement relationships it demands (Figure 2 ). We used SmartPLS (Ringle, 2004; Marcoulides, 2009; Weiber, 2010) to calculate the factor scores, but also doublechecked the values by applying exploratory and confirmatory factor analyses in AMOS and SPSS. 
Results
Measurement model
For the assessment of the reliability and validity of all reflective constructs, four quality criteria are necessary: (1) indicator reliability (loading); (2) composite reliability (CR); (3) average variance extracted (AVE); and (4) discriminant validity.
Inspecting the loadings of measures on their corresponding latent variables assesses individual item reliability. All individual factor loadings are greater than 0.5, with most being greater than 0.8. This confirms individual item reliability. Internal consistency was shown by composite reliability (CR). All constructs exceeded the minimum value of 0.6, some even exceeding 0.8. Thus, internal consistency was shown. All constructs fulfilled convergent validity because their AVE values all exceeded the 0.5 minimum requirements. To obtain construct validity, the Fornell-Larcker (1981) criterion must be confirmed as this evaluates discriminant validity (see Table 2 ). The squared correlations between constructs represented by the bold elements above the diagonal of the correlation matrix shown in Table 2 should be smaller than each AVE in the corresponding row. All of our constructs meet this requirement. The other development functions provide us with information which is reliable. 0.821
0.889
The designs delivered from the other development functions fit the needs of my tasks.
0.809
The designs delivered from the other development functions meet the defined specifications. 0.815
The information delivered from the other development functions contains the exact level of detail needed to perform my tasks.
0.727
The content delivered from the other development functions was complete according to what is needed to perform my task.
Timeliness
The information necessary for accomplishing my tasks is delivered from the other development functions when I need it.
0.809
0.908
The other development functions provide us with information on time. 0.845
The development functions prior to mine are on schedule. 0.773
The information I need to complete my tasks is delivered when I need it. 0.835
The information I need from other development functions reaches me on schedule. 0.816
Cost
Our requirement documents include a regularly reviewed and monitored cost model. 0.910 0.871 When designing a product, we place great importance on taking the key cost drivers into account.
0.794
We regularly provide top management with cost projections. 0.831 Table 2 Discriminant validity (Fornell-Larcker criterion) 
1.000
Note: Discriminant validity: AVE > squared correlations (bold numbers).
Table 3
Multicollinearity analysis for the second-order construct Note: *p < 0.05; **p < 0.01; ***p < 0.001.
The six indicators of the formative second-order construct LPD process performance have to be checked for multicollinearity and also for indicator and construct validity. The single indicators themselves are latent variables of a reflective kind and have already been tested and approved for reliability and validity (Tables 1 and 2 ). The collinearity analysis was carried out by running a multiple regression analysis for each indicator, with the other indicators acting as independent variables. The coefficients of determination (R 2 ) of all indicators were obtained, and the tolerance and VIF values calculated ( Table 3 ). All indicators reached VIF values far below 5, meaning that there was no strong indication of multicollinearity.
To assess individual indicator validity, the regression coefficients between the indicators and the construct and their respective p-values were calculated (Table 4) . Among all indicators continuous improvement shows the strongest significant effect with a path coefficient of 0.770 at the p < 0.001 level. This confirms LPD literature which states that continuous improvement has a superior role by improving the other four principles continuously (Schulze et al., 2010) . Even though not explicitly significant, specifying customer value and cost have a high path coefficient with 0.171 and 0.196, respectively. According to the lean literature, continuous improvement and specifying customer value are the characteristics beside costs that make LPD different from other integrated product development systems such as CE.
It follows closely what current literature has to say about LPD, that a good understanding of customer value and a strong application of continuous improvement techniques are significant for an efficient LPD process (Browning, 2003; Anand and Kodali, 2008) . In crisis time, cost seems to play a major role in PD. Thus, to achieve LPD process performance, it is important to regularly monitor and review cost drivers in the process. For time, pull and form, fit and function indicators with their modestly negative and respectively positive values, individual item validity cannot be confirmed. However, all indicators are plausible from a theoretical point of view, and are therefore retained in the construct. In addition to that, the construct validity criterion is given with a coefficient of determination of R 2 = 0.668 that well exceeds the 0.3 guideline. Table 5 shows the results of the PLS analysis regarding the patch coefficients of the structural model. The significance of the path coefficients was tested using the bootstrapping algorithm that replaces the missing theoretical distribution with an empirical distribution function (Efron, 1979; Reimer, 2007) . The resulting t-values were then computed into p-values.
Hypothesis testing
The direct relationships between training and internal development (0.394) and performance appraisal (0.358) and overall LPD process performance showed high positive values greater than Chin's 0.3 guideline (1998), both being strongly significant at the p < 0.001 level. The positive patch coefficient from performance-based compensation (0.122) on LPD process performance is at a moderate level, but nonsignificant. These results offer strong empirical support for hypothesis H5 on the direct effect of HRM practices on the performance of LPD processes. The moderately positive path coefficient between engineer's skills and LPD process performance (0.170) is significant at the p < 0.05 level. Thus, Hypothesis 1 can be supported, as engineers' skills seem to positively influence LPD process performance, even though no significant indirect path between HRM practices and LPD process performance exists in our model.
Concerning the paths between the exogenous HRM variables and the engineers' skills, training and internal development (0.120) and performance appraisal (0.175) exceed the 0.1 requirement (Lohmöller, 1989 ) at a moderate level, whereas the path from performance-based compensation with a negative value of -0.023 does not fulfil it. None of the three path coefficients meet a required significance level; and so, Hypothesis 3 has to be rejected. The three patch coefficients of the HRM practices on engineers' motivation are modestly positive on a low level and non-significant; therefore, Hypothesis 4 has to be rejected. In addition to that, the path coefficient from motivation on LPD process performance is non-significant with a modestly positive value of 0.079; thus, Hypothesis 2 cannot be supported. Note: *p < 0.05; ***p < 0.001.
Discussion
Theoretical implications
The findings of this study contribute to the literature on product development, specifically the research on LPD. First, we tested the relationship of human capital resources in product development and the performance of LPD processes. We found strong empirical evidence for the importance of engineers' job skills in LPD processes. Motivation, on the other hand, did not show significant results in its influence on the process performance of LPD undertakings. Apparently, a typical engineer's skills, acquired through tacitness, complexity and specificity (Reed and DeFillippi, 1990) , are crucial for the performance of an LPD process, which in turn supports product and process innovation. In addition, the motivations and skills of engineers do not seem to be the only social aspects that may lead to a higher performance in LPD. Learning from the Japanese culture, attitudes (i.e. code of conduct, behavioural rules, etc.) or leadership might be factors that are indispensable for lean thinking in PD processes.
Second, we show that not only human capital resources, such as skills or motivation, have an impact on LPD process performance, but also that these outcomes can be actively influenced by certain HRM practices, particularly training and internal development activities within PD, which influence LPD process performance and receive strong statistical support. The general availability of regular training practices for either new or experienced engineers demonstrates to them that their company cares about their professional development. Training and internally developing engineers for their relevant job tasks is the most important practice, of those tested, for maximising the benefits of an LPD process. This long-term perspective of investing in employees may have further positive implications, e.g. a functioning organisational culture and the creation and retention of knowledge inside the organisation. Similar significant benefits for LPD performance were achieved through the assessment of individual performance by using performance appraisal techniques with objective and quantifiable results. With performance appraisal systems, a company can clarify the goals it wants to reach, and break them down to each department and employee. Thus, common goals are more transparent, individual targets are much clearer and tasks can be better divided among engineers. In contrast, compensating engineers on the basis of their performance does not show any remarkable impact on either motivation or skills, nor on LPD process performance. Engineers may be motivated to work better by more than just money, e.g. recognition by their supervisor and colleagues, a flexible working environment, exciting challenges, or designing and developing fascinating products.
Third, we contribute to the field of product development and research on lean principles in product and process innovation by operationalising LPD process performance. This variable could be used as the basis for many further studies in LPD research. To our knowledge, this is the first time that a measurement model for the performance of an LPD process has been created and used in empirical practice. The finding that LPD is strongly influenced by continuous improvement and customer value (aside from costs) supports the theoretical approach of many authors who propose the use of lean principles to advance the classical measures of process performance (i.e. time, quality and cost). The importance of cost within the model demonstrates that in times of crisis, some companies will still have to save their business by initially staying profitable, and then later apply the lean principles for establishing sustainability and customer orientation.
Managerial implications
Practitioners in the fields of PD and HRM will be interested to know which practices can positively influence their engineers and thus enhance the performance of their PD processes. PD managers planning to implement the lean philosophy will learn which principles contribute most towards an LPD system and its efficient use.
Extensive and regular training programs for junior and senior engineers are strongly recommended to enhance the performance of the PD process. Combined with internal development, training supports the long-term advancement of people within the organisation. People should be seen as a worthwhile investment. Using performance appraisal systems that define quantifiable performance goals of each individual engineer in consultation with the respective supervisor should be used to align the company's interests with the personal goals of each individual.
Both HRM and PD managers should aim at enhancing and sustaining the skills and abilities of their workforce, since job-related skills, educational level and talent seem to offer great potential for high performance in LPD processes. Managers should always be aware that building up skills takes time (e.g. through tacitness, complexity and specificity) and, once achieved, these characteristics can easily be lost through staff turnover, especially compared to a piece of new equipment or information system that can quickly be installed, and, once installed, cannot be destroyed (Hiltrop, 1996) . People matter significantly in PD processes.
Firms that are planning, implementing or using lean principles within their PD units are advised to pay special attention to the correct specification of customer value and the intense use of continuous improvement techniques. Regarding customer value, a close relationship with the customer is very important for defining and actively managing their product requirements. Additionally, supervisors should have a profound knowledge of the market. With respect to continuous improvement, it is recommended to make use of experience gained from completed projects and standard tools for problem-solving. Keeping feedback loops as short as possible was also found to be of great importance. Finally, management and all operative units have to be committed to a continuous improvement of the processes. Of the Iron Triangle measures, transparent cost management proved to exert the most influence on a successful PD process. It would appear that in times of crisis, it is important for companies to set up a solid and stable financial basis before dealing with lean principles. However, Japanese lean literature points out that profitability in a PD process comes with customer orientation and continuous improvement. Although managing customer value and continuous improvement are emphasised in this model, managers should be reminded that a coherent approach that implements all five lean principles and continuously revises them (Morgan and Liker, 2006) should be utilised in order to achieve an effective lean system. Controlling for organisational size, age and the industrial sector showed that no matter which industry, or the size and age of a company, the LPD process performance construct could be applied. This should encourage managers from various industries, as well as larger, smaller or traditional companies or start-ups, to invest in people through their HRM system. In turn, their PD performance will improve.
Limitations and outlook
A few limitations of this study are worth noting. Boselie et al. (2005) found an area of concern that applies to this study as well. During a short period of time, the effect of HRM intervention on performance may not be fully achieved (Huselid and Becker, 1996; Kato and Morishima, 2002) . According to these authors, statements concerning causality can only be made based on data that was collected at different points in time within the same responding companies. Thus, causal relationships tested in this study should be seen as a starting point for further investigation. The use of a purely formative higher order construct type IV (Jarvis et al., 2003) may cover a broader range of aspects of LPD processes, and thus result in a more realistic version of the construct. Also, the sample data were collected via convenience sampling. This implies that the sample may not be truly representative of the population. Hence the results obtained in this study need to be validated with more empirical work of this nature. In addition, the number of respondents was not uniform across all companies in the sample. Thus, the resulting mean values for each firm may display different levels of profundity.
Aside from sample and measurement limitations, this paper does not include all possible contingencies that may have an influence on the dependent constructs, for instance organisational culture, coordination, communication and further HRM practices. Additionally, the tested HRM practices are of a rather general kind, and were not specifically customised to fit the requirements of the PD environment (i.e. design, training, etc.). Furthermore, our results show that motivation and skills as mediators in an LPD setting are not sufficient. Even though no HRM practice was found to influence the mediating variables significantly, they had a positive direct impact on the efficiency of the LPD process. Consequently, other mediators (i.e. engineers' attitudes towards their company or a development culture) must exist which offer the possibility to further clarify what happens inside the black box. With regard to HRM, case study research is strongly recommended in order to examine the many possibilities HRM opens up within PD. The general descriptions of HRM practices used in this study need further customisation to suit the specific requirements of the highly creative and challenging area of developing products. Moreover, other HRM activities have to be examined for possible influence. As incentives and salary did not have the desired effects, the availability of work-life balance programs could be examined, which promise a positive influence on the creativity and motivation of engineers. The interaction effects of HRM practices (i.e. a combination of training and compensation) on PD performance could also be studied. Besides HRM, other areas, such as communication and coordination, may have an influence on people in PD. Additionally, the LPD measurement model needs to be tested in other countries apart from Switzerland, Germany and Liechtenstein in order to improve its general significance.
